Appendix E

FarmWare Case Studies

This appendix contains four case studies designed to introduce the
FarmWare software program and the technical and economic feasibility
assessments that must be completed when investigating the potential
for methane recovery. The following case studies are presented:

E-1:
E-2:
E-3:
E-4:

1,000 cow freestall dairy plug flow system (page E-1)

500 cow freestall dairy covered lagoon system (page E-19)
1,400 sow farrow-to-finish covered lagoon system (page E-29)
1,500 sow farrow-to-grower complete mix system (page E-39)
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Farm Profile

Moo’s Milkers is currently a 700 milker freestall dairy in Tillamook County, Oregon. There
are three buildings at this facility: the parlor, freestall barn, and the feed apron. Manure is hose-washed
from the parlor and is routed to an anaerobic lagoon. Freestall and feed apron manure is scraped
through a separator after from which the liquid effluent is pumped into a storage pond and the solids
are stored and sold to neighboring horticultural operations. The solids in the anaerobic lagoon are
scraped off by a back hoe, stored and sold as well. The remaining liquid effluent is pumped to the sec-
ondary storage pond.

Mr. Moo wishes to expand his milk herd to 1,000 cows and realizes that in order to do this he
needs a larger capacity manure handling system. He heard that AGSTAR could provide a solution that
is cost effective, meets his farm’s energy needs, and is environmentally sound. Mr. Moo would like to
see how a methane recovery system could work for him and his dairy.

1. Preliminary Screening for Project Opportunities

A quick review of the farm by the operator, Mr. Moo, using the checklists provided in Chapter2 reveals
that:

There will be at least 1,000 cows at the confined facility;

The manure is collected as a semi-solid from the freestall to the lagoon and a s slurry from the parlor
to the secondary lagoon;

There is a need for on-farm energy; and

The farm employs a few people capable of managing biogas technology and parts for the system are
relatively accessible.

The above conditions are promising for biogas technology. So, we move on to the next stage of the
analysis.

2. Technical and Economic Feasibility Assessment

This assessment consists of four steps:

(1) determining which digester is appropriate for your facility;
(2) gathering facility data for the FarmWare assessment

(3) performing the FarmWare assessment; and

(4) evaluating the results.

Each step is discussed in turn.

2.1 Match Digester to Your Facility

The type of digester to use depends on the climate and total solids content of the manure.
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Climate. The farm is located in Tillamook County, Oregon, a region north of the line of climate
limitation (see Exhibit 4-1 in Chapter 4). The appropriate energy recovery technology for this loca-
tion would therefore be a complete mix or plug flow digester.

Total Solids Content. The manure from the freestall barn and the feed apron is scraped three times
a week, providing an influent relatively close to the “as excreted” total solids value of 12% (see Ex-
hibit 4-4 in Chapter 4). Note: The flush manure from the milking parlor will not be considered in this analy-
sis. Flush manure in a lagoon will be stored at temperatures near the ambient temperature of the region, tempera-
tures which during the cooler months of the year will not be optimal for biogas production.

For a facility with such climatic and manure conditions, Exhibit 4-4 in Chapter 4 indicates that the ma-
nure management/energy recovery technology is a plug flow digester.

2.2 Complete Evaluation Forms

These forms record the data required for the FarmWare analysis. The completed evaluation form for Mr.
Moo’s facility is attached.

2.3 Enter Information Into FarmWare

Once the evaluation forms are complete, the information is entered into FarmWare. For information on
how to use FarmWare, refer to the FarmWare manual, which can be found in Appendix D. Mr. Moo
completed the FarmWare assessment for his facility as follows.

2.3.1 Site Climate Information

The first step is to enter the location of Moo’s Milkers into FarmWare. Click on the climate icon on the
tool bar or select Location and Climate from the Design menu.

® From the drop down lists, select Tillamook County, Oregon.

The completed Site Location and Climate Screen is shown in Figure 1:
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FarmWare: Site Location and Climate [ =]
Enter your farm's state and county. The system will Temp(F) | Rain(in) |
retrieve the average monthly temperature and rainfall. J
Or. read custom climate data from a chmate data file AUUATY 42.8 12.9
you've created previously. February 45.3 9.7

Enter State: | Oregon _:i| __EQ_TE_']_| 46.2 9.6
April 48.7 5.2
Enter County: Tillamook .ll __:Piay— 51.0 3.4
o T Do June | 57.4 2.1
e atabasze —r |
: EI C duly | 60.4 0.8
Use Your Custom Data August 60.9 1.2
_September | 53.0 2.6
Rec. Min. Lagoon HRT 45.0| Days __ October | h39 6.2
Rec. Max. Lagoon Loading | 100 b VS/1000 cu.ft.  ovember a7 s 115
e 50| Inches of rai December | 43.9 13.0
b i e s bl
T r Storm nches of rain __EY_QE'?_E?_!__I 51.6 78.2
Annual Bunoff [Unpaved] 20.0| Pecent of Precip.
Annual Bunoff [Paved] 50.0| Percent of Precip.
Annual Evaporation 30.0] Inches w oK xl:ancel ? Help

Figure 1: Site Location and Climate Screen
FarmWare has retrieved the average temperature and rainfall data for Tillamook County, OR as well as
other climate data including the 25-year, 24-hour storm event. The temperature and rainfall data is
based on National Climate Data Center (NCDC) data.

2.3.2 Farm Type

The next step is to enter information about the farm type and manure collection and treatment methods.
Since Mr. Moo is planning on increasing his herd size he must plan the manure management/energy pro-
duction system according to the anticipated size. Mr. Moo may continue his management of the parlor
manure by flushing it into the anaerobic lagoon. The scraped manure from the freestall barn and feed
apron however, will be treated in a plug flow digester as determined above in Section 2.1. Click on the
farm type icon on the tool bar or select Farm Type from the Design menu.

Select Dairy: Freestall from the “Select a Type of Farm” drop down list.
Enter 1,000 in the “Select a Farm Size” box.
Select Flush Parlor and Scrape the Rest from the “Select a Manure Collection Method” drop down list.

¥ ¥ 33

Select Anaerobic Lagoon from the “Select a Manure Treatment/Storage Facility” drop down list.

® Check the Plug Flow Digester box in the lower left hand corner of the screen.

These selections are used to create a manure template for Moo’s Milkers. The completed Farm Type screen
for Moo’s Milkers is shown in Figure 2:
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Farmware: Farm Design Control Panel
Select the type of farm, the farm Select a Type of Farm Select a Farm Size
size, and the way manure is Dairy: F Stall - 1.000| Milking Cows
collected and treated. | il B Bl —ﬂ =
Select a manure collection method Deszcription
Flush Parlor & Scrape the Rest Lll Manure iz Aluzhed daily from the parlor. -
Freestall barn. feed apron, divlot. and other

manure is scrapped.

Select a manure treatment/storage system Deszcription
Anaerobic Lagoon ;Jl Anaerobic Lagoon designed to treat and -
store liquid manure. The anaerobic lagoon

can be sized to contain storm runoff.

Select if you have [or want to conzider] the following: Dairy Farme must have a zolid separator or
settling basin if uzing a liquid manure facility.

< Solids Separator © Covered Lagoon Digester
> Settling Basin “* Plug Flow Digester

 Complete Mix Digester ¢

Figure 2: Farm Type Screen

Click on OK to save and exit this screen.

2.3.3 Livestock Populations

The next step is to enter the number of animals at Moo’s Milkers. Click on the livestock number icon on
the tool bar or select Livestock Number from the Design menu.

The Livestock Control Panel contains a table of default animal numbers and weights which are based on
the type and size of farm entered in the Farm Type screen (in this case 1,000 cow freestall dairy). You
may edit these numbers by clicking in the appropriate cream colored boxes and entering the correct val-
ues.

For Moo’s Milkers, enter the following animal numbers:

®» Cow-Lac: 1,000
®» Cow-Dry: 150
®» Heifer: 150
» Calf: 0
» Bull: 12

Note: The manure from the calves at Moo’s Milkers is contaminated with straw which would clog the digester influent
and effluent pipes. This manure is disposed of separately. To ensure that the calf manure is not included in this
analysis, be sure to enter “0” in the number of calves row in the Livestock Number screen.

The completed Livestock Number screen is shown in Figure 3.
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{4 Livestock Control Panel _ O] x}
Number | Weight | Manure | v5 | Manure | L)
_ Units | Head Ibs Ibs{dayfAll Ibs}day/AU Ibsiday I-'J
Cow-l ac 1,000 1.400.0 g80.0 8.5 112,000
_C_D\'l_"PLY_| 150 1,300.0 g82.0 8.1 15,9490
Heifer | 150 900.0 85.0 7.8 11,475
! Calf | 0 s00.0 85.0 7.8 0
Bull 12 1,600.0 88.0 8.1 1,689
None | 0.0 0.0 0.0 0
MNone 0 0.0 0.0 0.0 ]
Total 1.312 1.333.2 80.8 8.3 141,154
- | AU=1000 Ibs :
i To change livestock: Dbl Clk row labels or
| Fic= ShiGED
| !

Figure 3: Livestock Number Screen

Double click on the upper left hand corner of this screen to exit.

2.3.4 Livestock Facilities

The next step is to define the number of hours the animals spend in the different farm facilities each day.
Click on the facility icon on the tool bar or select Livestock Facilities from the Design menu.

The first step is to delete the facilities which are not present a Moo’s Milkers. Moo’s Milkers has only a

Parlor, freestall barn, and a feed apron. The default facilities (in this case, the Drylot and the Barn) listed
in this screen should therefore be deleted to avoid confusion.

® Double click on the Drylot cell in the first column of the Livestock Facilities table. In the Change Facility Dialog
Box select “None” from the drop down menu.

® Follow the above procedure for the Barn.

The next step is to enter the hours that the animals spend in the existing facilities.

= Enter the hours in the Livestock Facilities table as outlined in the table below:

Facility/Animal Type Cow-Lac Cow-Dry Heifer Calf* Bull

Parlor 45 0.0 0.0 0.0 0.0
Freestall Barn 8.5 10.5 10.5 0.0 9.0
Feed Apron 11.0 13.5 13.5 0.0 15.0

* Remember, as described in Section 2.3.3 we are not going to consider the calf manure in this analysis
and we will thus zero out the time the calves spend in the facilities

The completed Livestock Facility Control Panel should look like Figure 4 below:

FIRST EDITION Appendix E-5



Appendix E-1 Case Studies
Dairy Plug Flow Digester

[ Facility Control Panel _ O] x]
j Cowlac | CowDry | Heifer | Calf i Bull | None |ﬂ
Parlor | 4.5 0.0 0.0 0.0 0.0 0.0
Free Stall Barn J 8.5 10.5 10.5 0.0 9.0 0.0
Feed Apron | 11.0 135 135 0.0 15.0 0.0
None ] 0.0 0.0 0.0 0.0 0.0 0.0
None | 0.0 0.0 0.0 0.0 0.0 0.0
Process Water | 0.0 0.0 0.0 0.0 0.0 0.0
YWatershed | 0.0 0.0 0.0 0.0 0.0 0.0
Total | 24.0 24.0 24.0 0.0 24.0 0.0
| Enter Hours per  day each animal  2pends in each facility.
i -
RN o[

Figure 4: Livestock Facility Control Panel

Double click on the upper left hand corner of this screen to exit.

2.3.5 Manure Management

The next step is to define the individual components of the manure management system. Click on the
train icon on the tool bar or select Management Train from the Design menu.

The Management Train screen (Figure 5) shows the collection and treatment methods for the facilities
at the farm. In this example, this screen shows that the manure from the Parlor is flushed through a solid
separator into an anaerobic lagoon. This screen also shows that the manure is scraped from the freestall
barn and the feed apron into a mix tank and ultimately is stored/treated in a plug flow digester. Note
that the “Mix Tank’ for the Feed Apron is labeled with the same color as the “Mix Tank for the Freestall
Barn but is displayed with a smaller text size. This is to show that the manure from the Feed Apron flows
into the same mix tank as the manure from the Freestall Barn and therefore follows the same path
through the storage/treatment process.

| Collection Component 1 | Component 2 | Component 3 ii
Parlor [ Flst St Separatar Anaerobic { agoon Fid Appledig
_ Free Stall Barn | Serape Mix Tank Flag Flas Digester Al At iy
_ FeedApron | Serape Wi Tark
None |
None |
Process Water | Hee Process Waler St Eananatar
Watershed | Loflect Rawalf Aagenadi { s
|
_-I:‘I-E_ii'lm émk_] L2Rm0 Ry
| Siafe = Padaaf Dy MNoneltalic = User Design
I -
A v

Figure 5: Manure Management Train Screen

Each of the components in this screen should be accurately defined to ensure that the methane recovery
system is sized appropriately. To define a component you may double click on the component name
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(with the larger text size) or click on the define component in the floating toolbar. Each of the compo-
nent definition screens are described below:

e
=y

lus

The manure from the parlor is flushed regularly into a solids separator and into an anaerobic lagoon.
Though this manure does not enter the methane recovery facility (in this case, the plug flow digester) we
should accurately describe the system for the purposes of estimating the costs and benefits.

Place the cell cursor over the Flush component immediately to the right of the Parlor Facility in this
screen. Double click on this cell or click on the Design component icon in the floating tool box.

®» Enter 1 in the “Number of Flush Tanks or VValves” box
® Enter 3 in the “Flush Frequency” box.
® Enter 13,000 in the “Water per Flush” box.

The finished screen is shown in Figure 6.

Farmware Control Panel: Flush
Quantity Yolume T5 V5 M P K T5
Ibs. cu.ft. Ibs. Ibs. Ibs. Ibs. Ibs pct
Manure 14,000 226 1.750 1.488 0 0 0 1250
plus Flush W ater 323.700 5214 0 0 0 0 0 000
minus 1] 0 0 0 0 0 0 0.00
equals Effluent 337.700 5,439 1.750 1.488 1] 0 0 051

Mumber of Flush
Tanks or YValves

Fluzh Frequency times/day

water per Fluzh gallons/flush

Ll

Figure 6: Parlor Flush Screen

Scrape
The manure from the Freestall Barn and the Feed Apron is scraped 3 times each week. With the methane
recovery system, this manure will be pre-treated in a mix tank and then treated in a plug flow digester.

Both the Freestall Barn and the Feed Apron scrape components must be defined to accurately determine
the size of the mix tank and the plug flow digester.

Place the cell cursor over the Scrape component immediately to the right of the Freestall Barn Facility in
this screen. Double click on this cell or click on the Design component icon in the floating tool box.

® Enter 3 in the “Scrape Frequency” box
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® Select Week from the “Times Per” drop down list.
® Select Tractor Scraper from the “Type of Scraper” drop down list.

The finished Freestall Barn Scrape screen is shown in Figure 7.

Farmware Control Panel: Scrape

Quantity Yolume 15 ¥S N
Ibs. cu.ft. Ibs. Ibs. Ibs.
Manure 843 6.377 5.425 0
plus --- 1] 0 0 0 0
minus Removed 1] 0 0 0 0
equals E ffluent 52.316 843 6.377 5.425 0

Scrape Frequency times per

Type of Scraper |T|actnr Scraper _'_“

Ibs.

[— I — B — B — |

Ibs

oo oo

pct
1218

0.00

0.00
1218

Figure 7: Freestall Barn Scrape screen
® Enter the same information described above into the Feed Apron Scrape screen.

Collect Rainfall

The rainfall falling on the area surrounding the facilities at Moo’s Milkers must be stored in the anaerobic
lagoon facility. To account for this, the area over which the runoff will be collected must be entered in

the FarmWare system.

Place the cell cursor over the Collect Rainfall component immediately to the right of the Watershed Fa-
cility in this screen. Double click on this cell or click on the Design component icon in the floating tool

box.

®» Enter 10.0 in the “Area over which the runoff will be collected”” box.

® Enter 5.0 in the “Fraction of this area that is paved” box.

The finished Runoff Collection screen is shown in Figure 8.
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Farmw are Control Panel: Bunoff
Quantity Yolume T5 V5 N P K 15
Ibs. cu. ft. Ibs. Ibs. Ibs. Ibs. bz pct
Mo Manure 0 0 1] 0 0 1] 0 000
plus Rainfall 96,907 1.561 1] 1] 1] 0 0 D00
minusg 1] 1] 1] 1] 1] 1] 0 D00
equals  Total Bunoff 96.907 1.561 0 1] 0 1] 0 000

| rivers, streams, lakes or other waters. The exception is for storms greater than the 25-ypr. 24-hr storm.

This screen will let you calculate the average and maximum amount of runoff you should expect. This
| information will later be used to help size an appropriate containment structure [e.g.. a lagoon or pond].

|
Acres w EIK

[ Enter the area over which
Percent

runoff will be collected

area that is paved

Enter the fraction of this

| Bunoff Yolume Required 62 436 bic fest xl: |
: for 25-pr, 24-hr storm * cublc lee b

[Modify under "Design | 5ite Location and Climate" ]

| 25 %1 24 hr Storm 8.0 Inches of rain ? Help
I Annual Runoff (Unpaved] 20 Percent of Precip.

Annual Runoff [Paved] 50 Percent of Precip.

Monthly Evaporation 30 Inches ﬁﬁeset

Figure 8: Runoff Collection screen

NOTE: The rainfall collected is stored in the Anaerobic Lagoon component of the manure management system. This
will not affect the sizing of the methane recovery system (the plug flow digester).

Solid Separator

The manure from the parlor passes through a separator before entering the anaerobic lagoon. The type of
separator and the separation efficiency must be defined to accurately size the anaerobic lagoon.

Place the cell cursor over the Solid Separator component in the Parlor Row of this screen. Double click
on this cell or click on the Design component icon in the floating tool box.

® Select Screw Press from the “Type of Separator” drop down list.

® Accept the defaults for the remaining features of the solid separation system.

The finished Solid Separator screen is shown in Figure 9.
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FarmW are Control Panel: Solid Separator B
Quantity Yolume 15 ¥S5 H P K 15
Ibs. cu.ft. Ibs. Ibs. Ibs. Ibs. Ibs pct
Influent 752,700 12124 1.750 1.488 1] 1] 0 023
plus - 1] 0 0 0 1] 0 0 D0.00
minus Separated 1.750 28 438 372 1] 1] 0 2500
equals Effluent 750,950 12.096 1.312 1.116 0 0 0 017
v
Select the Type of Separtor |Screw Press :_Il ......

Maximum Influent TS5 Concentration Percent [approx.] xl:ancel
Solids Separation Efficiency Percent [approx.]

¥S5 Reduction Efficiency 25 0Percent [approx.] ? Help

Influent Capacity 1.000.0| Gal per min [approx.]

Figure 9: Solid Separator screen
Mix Tank
The manure from the freestall barn and feed apron passes through a mix tank before entering the plug
flow digester methane recovery system. The characteristics of the mix tank must be defined to accurately

size the tank and account for the costs associated with it.

Place the cell cursor over the Mix Tank component in the Freestall Barn row of this screen. Double click
on this cell or click on the Design component icon in the floating tool box.

® Enter 10.0 in the “Mix Tank Depth” box.

The finished Mix Tank screen is shown in Figure 10.
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Farmware Control Panel: Mix Tank
Quantity Yolume T5 V5 N P K T5
Ihs. cu.ft. Ibs. Ibs. lhs. Ibs. bz pct
Influent 120155 1935 14644 12457 0 0 0 1218
plus Added Water 1] 1] 1] 1] 1] 1} 0 0.00
minus - 0 0 0 0 0 0 0 0.00
equals Effluent 120,155 1935 14644 12457 1] 0 0 1218
Enter the retention period [e.g.. 2 dapsz] w oK
and add water to adjust the TS percent.

Storage Period

2ip
RE xtancel

Added water Ijl gallons/day

Mix Tank Depth feet ? i
Mix Tank Freeboard feet

Mix Tank Length feet

Mix Tank Width feet ﬁ i

Figure 10: Mix Tank screen

Anaerobic Lagoon

The anaerobic lagoon stores the manure and water from the milking parlor, the process water from the
milking parlor, and the rainfall collected over the runoff area. While some anaerobic lagoons may be cov-
ered to trap methane, this lagoon will not be covered since methane will not be produced at high levels
year round due to the cool climatic conditions. This lagoon should be designed accurately however to
assess any additional costs that may be associated with retrofitting the system to account for the plug
flow digester.

Place the cell cursor over the Anaerobic Lagoon component in the Parlor row of this screen. Double click
on this cell or click on the Design component icon in the floating tool box.

® Double click on the cream colored cell corresponding to the sideslope in the lower left hand corner of the screen.

® Enter 1.0 in the Sideslope value dialog box.

The finished Anaerobic Lagoon screen is shown in Figure 11.
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Control Panel: Anaerobic Lagoon
Quantity Yolume T5 V5 N P K T5
Ibs. cu ft. Ibs. Ibs. lhs. Ibs. Ibs pct
Influent 847,857 13.657 1.312 1.116 0 1] 0 015
plus Met Rainfall 34.863 hG62 1] 0 0 1] 0 0.00
minus Reduced by 3.337 b4 417 834 1] 0 0 12.50
equals Effluent 879,383 14,164 281 0 0 0 010
Calculated Size Method
HRT [days] 45 535 Max of HRT & Loading
Loading[Ib¥5 71 000ft3) 10,0 15
Depth [ft] 20.0 Hold Waterzhed Runoff
Length/width Ratio 1.00 Minimum ¥olume b14 547 Yes
Length[ft] 217 Sludge Yolume 1]
Width(ft] 217 HNet Rainfall ¥olume 115,435 Cower Fraction
Side Slopefhor/ver)] 1.0 DOPERATING YOLUME 729982 1]
Freeboard [ft] 1.0 Freeboard ¥olume 46,529
Avg Evap[in./month) 2.5 TOTAL YOLUME [ft3) 776,511
Surface Area [sq.ft.]
ﬁ w Ok anncel ? Help r?gﬁteset

Figure 11: Anaerobic Lagoon Screen

Plug Flow Digester

The plug flow digester will be the primary component in the new methane recovery system at Moo’s
Milkers. It is imperative that this component be designed as accurately as possible.

Place the cell cursor over the Plug Flow Digester component in the Freestall Barn row of this screen.
Double click on this cell or click on the Design component icon in the floating tool box.

The deeper the plug flow digester, the less surface area is needed to be covered to trap the gas. This ulti-

mately will reduce the costs associated with the system as the cover is reduced. At Moo’s Milkers, the
soil conditions will allow for a digester depth of 16 feet.

® Enter 16.0 in the “Depth” box.

The finished Plug Flow Digester screen is shown in Figure 12.
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Farmware Control Panel: Plug Flow Digester
Quantity Yolume T5 V5 M P K 15
Ibs. cu_ft. Ibs. Ihs. Ibs. Ibs. Ibs pct
Influent 120.155 1935 14644 12457 0 0 0 1218
plus 1] 0 0 0 0 0 0 0D.00
minus Digested 38.329 617 4 671 9.343 0 0 0 1218
equals Effluent 81.826 1.318 9.973 3.114 0 1] 0 1218
Digester Characteristics Biogasz Production Factors w K

Select HRT [days)

Lngth/wdth Ratio (Ft3/Ib¥5) x
Cancel

Freeboard [ft) Mt

i Biogas 74 741 ? Help
i i (ft3/day) »
Length 111.5
Yolume [ft3] 44 237 ﬁ Feset

Figure 12: Plug Flow Digester screen

Engine Generator

The cool climatic conditions in Tillamook County, Oregon require that the digester be heated with sup-
plemental heat generated from the biogas produced within the digester. A heat exchanger will provide
enough heat to keep the manure at the optimal biogas production temperature. To ensure that the costs
associated with a heat exchanger are included in the financial analysis of Moo’s Milkers we must edit the
Engine Generator Control Panel. Place the cell cursor over the Engine Generator component in the
Methane Shack row in Manure Management Train screen. Double click on this cell or click on the Design
component icon in the floating tool box.

>  Select “Yes” from the “Include Heat Recovery?” drop down list.

® Enter 100 in the “Enter the engine generator size you want” box.

The finished Engine Generator screen is shown in Figure 13.
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Farmware Control Panel: Methane Utilization Design

Average Minimum M aximum

Methane Available [cu. ft. per day) 44 844 44,844 44,844

What fraction of the time will the

utilization component be running? Percent [ 50 - 90 ]

The recommended engine-generator size is 133 kW capacity
Enter the engine-generator zize you want kW capacity
Component Efficiency 14.000{ BTUs per k'wh

Include Heat Recovery System? |Yes

D&M Costs per kw'h of Use

Relative to the general annual inflation rate, |Same as General Inflation Rate _:I|
how do you expect annual operating costs to
change over the lifetime of the project?

“ i'e xCancel ? Help r\?:g Reset

Figure 13: Engine Generator screen

2.3.6 Energy Information
The final step in this case study is to enter the energy use and rates at Moo’s Milkers. Click on the en-
ergy icon on the tool bar or select Energy Prices from the Design menu.

In this screen, you may enter the amount of electricity and propane purchased per year as well as the
price per kwh of electricity and the price per gallon of propane. Default values for each of the above
categories are provided and should be edited to most accurately reflect the current energy costs to Moo’s
Milkers.

Enter 803,000 for the amount of electricity purchased per year.

Enter $0.08 for the price per kWh of electricity.

y & 3

Enter $10,000 for the amount of propane purchased per year.

® Enter $0.90 for the price per gallon of propane.

The total annual cost of electricity should be $64,240 and the total annual cost of propane should be $9,000.
The completed Energy Prices screen for Moo’s Milkers is shown in Figure 14.
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Farmware: Energy Usage and Payments

CUBRENT ELECTRICITY USAGE AND PAYMENTS
How much electrnicity do you use per year [kKwh] ? 803.000) Select a Load Schedule !

What price do you pay per kwWh of electricity [$]? $0.080 o Select a Rate Schedule I

i;

Your annual electricity bill should then equal: $64.240 View Electricity Payments i
Relative to the general annual inflation rate. how do you expect
annual electricity prices to change over the lifetime of the project? | Same as General Inflation Rate :—i|

CURRENT PROPANE USAGE AND PAYMENTS

How much propane [or equivalent] do you usze per pear [gallons] ? 10.000

What price do you pay per gallon of propane ($]?
Your annual propane bill should then equal: $9.000 View Propane Papments !

Relative to the general annual inflation rate, how do you expect
annual propane prices to change over the lifetime of the project?

What iz the maximum fraction of your propane expenses that can be
offzet by waste heat from your energy recovery system [0 - 100%]? m

Same az General Inflation Rate __'_Il

w Ok xﬁancel r?:n; Fezet

Figure 14: Energy Usage Screen
Click on OK to save and exit.

Note: More detailed energy usage and rate schedules may be entered using RateVision. Please see the RateVision
manual for more details.

2.4 Evaluate Results

To determine whether a biogas recovery system at this farm will be a profitable investment. Click on the
quick analysis icon the tool bar or select Quick Financial Report from the Analysis menu. The screen for
this report is shown in Figure 15 below. The top part of this report contains estimates for the total capi-
tal costs, annual benefits, and annual operating costs of the selected system. The bottom of the box con-
tains values for the NPV, simple payback, NPV payback, IRR, and a message regarding the potential
profitability of the selected system.
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B Quick Financial Results M= E3
Capital Costs $266.340
Annual Benefit $64 438
Annual Operating Cost $11.826
HPY $12.916
Simple Payback [yrs] b
MNPV Papback LT
IRR 24

Looks Good. You have a positive HPY
so it looks like the selected methane
recovery may be profitable.

i Update How I | Close I

Figure 15: Quick Financial Results screen

The Quick Report shows us that the total capital cost of installing a covered lagoon digester at Moo’s
Milkers is $266,000. FarmWare estimates that average annual offset benefits are $64,000 and average
annual operating costs are about $12,000. These costs and benefits yield an NPV of approximately
$13,000. In addition, this project is estimated to have a payback of 5 years and an internal rate of return
of 24%.

As indicated in the message at the bottom of this report, these measures of economic feasibility show that
the installation of a methane recovery system at Moo’s Milkers should be a profitable investment. Mr.
Moo should invest in this project for his farm.
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Farm Name:

Moo’s Milkers

AgSTAR

Contact Name: Mr. Moo
Evaluation Form: Dairy Facility Phone Number: Date:
1. SITE CLIMATE INFORMATION
State: Oregon County: Tillamook

2. FARM TYPE
Type of Farm

Size of Farm

Manure Collection Method

Manure Management

X  Freestall 1,000 milker Flush Everything Covered Lagoon
Drylot milker Flush Parlor and Freestall Barn Complete Mix
Tiestall milker Flush Parlor and Feed Apron X Plug Flow
Other (specify) X Flush Parlor Only
3. LIVESTOCK POPULATIONS
1,000 Cows-lac 150 Cows-dry 159 Heifers 0 Calves 12 Bulls other
4. ANIMAL DISTRIBUTION
Indicate the number of hours the animals spend in each area, per day:
Milking Barn Freestall [Feed Apron| Drylot Pasture Other
Parlor Barn
Cows-lactating 4.5 8.5 11.0
Cows-dry 10.5 13.5
Hiefer 10.5 13.5
Calf
Bull 9 15
4. MANURE MANAGEMENT
Recycle Flush Systems
Building # of Tanks Gallons Per Tank Flush Frequency Total Water
(# times/day) (gallons/day)
A B C AXBxXxC
Parlor 1 3 13,000 39,000
Free Stall Barn
Feed Apron
Scrape Systems
daily 3X weekly monthly other

Solids Separators
settling basin
X screw press

vibrating screen
hydrocyclone

inclined screen
other (specify)

5. ENERGY INFORMATION

(Complete this section, or bypass it by attaching copies of past 12 months of energy bills)

Overall Energy Costs
Annual Electricity Costs:

Average Electricity Cost:
Monthly Energy Bills (last 12 months)

Peak
kw

64,240
0.08

$lyear
$/kWh

Electric

(KWh)

(Cost)

January

February

March

April

May

June

July

August

September

October

November

December

FIRST EDITION

Annual Propane Cost:
Average Propane Cost:

0.90

10,000

$lyear
$/gallon

Propane

(gals)

(Cost)
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Farm Profile

Snow Falls Dairy is currently a 500 milker freestall dairy in Tulare County, California. The owner of
the dairy, Mr. Frosty, is concerned about the air and water quality issues in his area and is looking for
better management practices which consider these issues. He is also interested in alternative energy
sources and wants to try to offset his current electricity prices using manure generated methane. Mr.
Frosty contacted AGSTAR and wishes to take the first step toward more environmentally conscious ma-
nure management.

3. Preliminary Screening for Project Opportunities

A quick review of the farm by the operator, Mr. Frosty, using the checklists provided in Chapter 2 reveals
that:
There will be at least 500 cows at the confined facility;
The manure is flushed from the milking parlor, feed apron, and freestall barns and thus is managed as
a liquid;
There is a need for on-farm energy; and
The owner is a committed to seeing methane recovery work at his facility.

The above conditions are promising for biogas technology. So, we move on to the next stage of the
analysis.

4. Technical and Economic Feasibility Assessment

This assessment consists of four steps:

(1) determining which digester is appropriate for your facility;
(2) gathering facility data for the Farm\Ware assessment

(3) performing the FarmWare assessment; and

(4) evaluating the results.

Each step is discussed in turn.

4.1 Match Digester to Your Facility
The type of digester to use depends on the climate and total solids content of the manure.
Climate. The farm is located in Tulare County, California, a region south of the line of climate limi-

tation (see Exhibit 4-1 in Chapter 4). The climatic conditions at this location should be favorable for
optimum biogas production year round from a covered lagoon system.
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Total Solids Content. The manure from the parlor and the feed apron is flushed with approxi-
mately 10 gallons of water for each gallon of manure. The resulting manure stream is therefore less
than 2% (see Exhibit 4-4 in Chapter 4), the optimum solids content for covered lagoon systems.

For a facility with such climatic and manure conditions, Exhibit 4-4 in Chapter 4 indicates that the ma-
nure management/energy recovery technology is a covered lagoon digester.

4.2 Complete Evaluation Forms

These forms record the data required for the FarmWare analysis. The completed evaluation form for Mr.
Frosty’s facility is attached.

4.3 Enter Information Into FarmWare

Once the evaluation forms are complete, the information is entered into FarmWare. For information on
how to use FarmWare, refer to the FarmWare manual, which can be found in Appendix D. Mr. Frosty
completed the FarmWare assessment for his facility as follows.

4.3.1 Site Climate Information

The first step is to enter the location of Snow Falls Dairy into FarmWare. Click on the climate icon on
the tool bar or select Location and Climate from the Design menu.

® From the drop down lists, select Tulare County, California.

The completed Site Location and Climate Screen is shown in Figure 16:
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FarmWare: Site Location and Climate
Enter your farm’s state and county. The system will Temp(F] Rain[in] |
retrieve the average monthly temperature and rainfall. K
Or. read custom climate data from a climate data file AL 43.0 3.0
you've created previously. February 47.0 2.0

Enter State: | California _:i| __ﬂg_rf_l‘_l_i 50.0 2.0
April 55.0 1.0
Enter County: AT SNNM - | :iy Jl o o
Use AgSTAR Datab e ALl o)
e atanase I
. ﬂ C July | 76.0 0.0
Use Your Custom Data M1, Augus_l_J 75.0 0.0
_September | 70.0 0.0
Rec. Min. Lagoon HRT 42.0| Days ____p-::tohgr_J 61.0 0.0
Rec. Max. Lagoon Loading |  10.0] bvS/000 cuft. Movember | 51.0 2.0
S 5 e 5N December | 44.0 3.0
" E UEei Sl )
[} [} orm nches of ram __Ev_g_.u"[?_t_a_l_| EB_E 13.0
Annual Runoff [Unpaved] 23.0| Pecent of Precip.
Annual Runoff [Paved] 50.0( Percent of Precip.
Annual Evaporation 55.0| Inches w & anncel ? Help

Figure 16: Site Location and Climate Screen

FarmWare has retrieved the average temperature and rainfall data for Tulare County, CA as well as other
climate data including the 25-year, 24-hour storm event. The temperature and rainfall data is based on
National Climate Data Center (NCDC) data.

4.3.2 Farm Type

The next step is to enter information about the farm type and manure collection and treatment methods.
It is recommended that Mr. Frosty excavate a new primary lagoon for methane recovery and modify the
current lagoon for secondary storage. Click on the farm type icon on the tool bar or select Farm Type
from the Design menu.

Select Dairy: Freestall from the “Select a Type of Farm” drop down list.
Enter 500 in the “Select a Farm Size” box.
Select Flush Everything from the “Select a Manure Collection Method” drop down list.

Select Methane Recovery Lagoon from the “Select a Manure Treatment/Storage Facility” drop down list.

¥ ¥ 333

Check the Covered Lagoon Digester and Solids Separator boxes in the lower left hand corner of the screen.

These selections are used to create a manure template for the Snow Falls Dairy. The completed Farm Type
screen for Snow Falls Dairy is shown in Figure 17:
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Farmware: Farm Design Control Panel
Select the type of farm, the farm Select a Type of Farm Select a Farm Size
size, and the way manure is Dairy: F Stall - 500| Milking Cows
collected and treated. | sald S bl —ﬂ =
Select a manure collection method Description
Flush Everything L]l Manure is flushed daily from the parlor, the |~
freestall barn, and the feed apron. Drylot

and other manure is scrapped.

i Select a manure treatment/storage system Deszcription

Methane Recovery Lagoon _:jl Methane Becnvew Lagoon has a constant |~
volume primary treatment lagoon and a
secondary storage structure to hold

Select if pou have [or want to conzider] the following:

# Solids Separator * Covered Lagoon Digester
> Settling Bazin - Plug Flow Digester

 Complete Mix Digester “DK xCancel ? Help

Figure 17: Farm Type Screen

Click on OK to save and exit this screen.

4.3.3 Livestock Populations
The next step is to enter the number of animals at Snow Falls Dairy. Click on the livestock number icon
on the tool bar or select Livestock Number from the Design menu.

The Livestock Control Panel contains a table of default animal numbers and weights which are based on
the type and size of farm entered in the Farm Type screen (in this case 500 cow freestall dairy). You may
edit these numbers by clicking in the appropriate cream colored boxes and entering the correct values.

For Snow Falls Dairy, enter the following animal numbers:

®» Cow-Lac: 500
®» Cow-Dry: 100
» Heifer: 100
» Calf: 150
» Bull: 10

The completed Livestock Number screen is shown in Figure 18.
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| Number | Weight | Manure | Vs | Manure | =}
Units Head Ibs Ibs}dayiAl Ibs{dayfAll Ibsfday
Cow-Lac 500| 1,400.0 80.0 8.5 56,000
Cow-Dry | 100 1,300.0 82.0 8.1 10,660
Heifer _| 100 300.0 85.0 7.8 7,650
Calf 150 500.0 85.0 7.8 6,375
Bull _| 10 1,600.0 88.0 8.1 1,408
None | 0 0.0 0.0 0.0 0
None | 0 0.0 0.0 0.0 0
Total | 860 1,175.5 81.7 8.2
| AU=1000 b
i To change livestock: Dbl Clk row labets or
| press Shift+F3 Ghange || _ap |

Figure 18: Livestock Number Screen

Double click on the upper left hand corner of this screen to exit.

4.3.4 Livestock Facilities

The next step is to define the number of hours the animals spend in the different farm facilities each day.

Click on the facility icon on the tool bar or select Livestock Facilities from the Design menu.

= Enter the hours in the Livestock Facilities table as outlined in the table below:

Facility/Animal Type Cow-Lac Cow-Dry Heifer Calf* Bull

Parlor 3 0 0 0 0
Freestall Barn 7 7 7 7 0
Feed Apron 10 10 10 10 10
Drylot 4 7 7 7 14
Barn 0 0 0 0 0

* Remember, as described in Section 4.3.3 we are not going to consider the calf manure in this analysis
and we will thus zero out the time the calves spend in the facilities

The completed Livestock Facility Control Panel should look like Figure 19 below:
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1 Facility Control Panel H=] Ed

| Cow-lac CowDry | Heifer | Calf | Bull | Mone |i_l
Parlor | 3.0 0.0 0.0 0.0 0.0 0.0
Free Stall Barn | 7.0 7.0 7.0 7.0 0.0 0.0
Feed Apron | 10.0 10.0 10.0 10.0 10.0 0.0
Drylot | 4.0 7.0 7.0 7.0 14.0 0.0
Barn | 0.0 0.0 0.0 0.0 0.0 0.0
Process Water | 0.0 0.0 0.0 0.0 0.0 0.0
Watershed | 0.0 0.0 0.0 0.0 0.0 0.0
Total | 24.0 24.0 24.0 24.0 24.0 0.0

| Enter Hourz per - day each animal  spends in each faciity. %

4 4

Figure 19: Livestock Facility Control Panel

Double click on the upper left hand corner of this screen to exit.

4.3.5 Manure Management

The next step is to define the individual components of the manure management system. Click on the

train icon on the tool bar or select Management Train from the Design menu.

The Management Train screen (Figure 20) shows the collection and treatment methods for the facilities
at the farm. In this example, this screen shows that the manure from the Parlor and Feed Apron is
flushed through a solid separator into a primary lagoon. After being treated in the primary lagoon, this
manure is stored in a secondary storage structure and later applied on the fields. The other manure is

scraped at this farm and is stored in drystacks.

Collection Component 1 | Component2 | Component 3 Ij
F'ar! or Floush 5hF Saparatar Frimary £ agaon Secondamr Starame
Free Stall Barn Sorape Prosfack i Apale-Dire
Feed Apron | Flush SH Sananat
Drylot | Scrape Srwstack
Barn | Lorape Depiack
Process Water | ifce Procesr Waltar S Sanaalor
YWatershed | Eotlacs Famfalt Seowiae Sname
|
Methane Shack |  Fapie messty
|

St = Satat Danier Nondtalic = Uszer Design

T

*

M

Figure 20: Manure Management Train Screen

You may wish to examine the characteristics of each of the components of the manure management train
by double clicking on the cell you wish to analyze. For the purposes of this case study however, we will

accept the default values for each component.
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4.3.6 Energy Information

The final step in this case study is to enter the energy use and rates at Snow Falls Dairy. Click on the
energy icon on the tool bar or select Energy Prices from the Design menu.

In this screen, you may enter the amount of electricity and propane purchased per year as well as the
price per gallon of propane and the price per kWh of electricity. Default values for each of the above
categories are provided and should be edited to most accurately reflect the current energy costs to Snow
Falls Dairy.

In this example we will import RateVision rate schedules and load profiles. RateVision is an independent
software program designed to allow you enter detailed rate and energy usage schedules. RateVision may
be accessed by clicking on the Rates button on the toolbar or by selecting Access RateVision from the
RateVision menu.

The RateVision manual is a part of this AgSTAR Handbook and may be found in Appendix D. A case
study is presented in Chapter 3 of Appendix D for entering information into RateVision. Follow the in-
structions for this case study to enter the rates and load profile for Snow Falls Dairy. When you are fin-
ished, return to this section for details on how to import the files.

Upon completion of the RateVision case study in Chapter 3 of Appendix D, you are ready to import the
RateVision rate and load schedules.

®» Click on the “Select a Load Schedule” button. Select “snowfall.lsc”.

® Click on the “Select a Rate Schedule” button. Click on the “Add a Rate File” button in the top portion of the
Select An Electricity Rate File dialog box. Select “snowfall.rat”.

Upon selection of the two files, FarmWare calculates the average energy price and the total electricity pur-
chased per year. In this case, FarmWare finds that Snow Falls Dairy purchases 1,157,985 kWh per year at
an average charge of $0.066/kWh for a total annual electricity bill of $75,952. The completed Energy Usage
and Payments screen for Snow Falls Dairy is shown in Figure 21.
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Farmware: Energy Usage and Payments E|
CUBRBENT ELECTRICITY USAGE AND PAYMENTS
How much electiicity do you use per year [kWwh] ? 1.157.985) Select a Load Schedule |

‘What price do you pay per k'wh of electricity [$]? $0.066| o . Select a Hate Schedule

i

Your annual electricity bill should then equal: $75.952 View Electricity Payments |

Relative to the general annual inflation rate, how do you expect

annual electricity prices to change over the lifetime of the project? |Same as General Inflation Rate »:J|

CURRENT PROPANE USAGE AND PAYMENTS

How much propane [or equivalent] do pou uze per year [gallonz] ?

What price do you pay per gallon of propane [$]?

i

‘four annual propane bill should then equal: $4.500 View Propane Payments I

Relative to the general annual inflation rate, how do you expect
annual propane prices to change over the lifetime of the project?

Same az General Inflation Rate ﬂ|

What iz the maximum fraction of your propane expenszes that can be
offzset by waste heat from your energy recovery spstem [0 - 100%)7?

“ Ok xl:ancel r?_g Rezet

Figure 21: Energy Usage Screen
Click on OK to save and exit.

4.4 Evaluate Results

To determine whether a biogas recovery system at this farm will be a profitable investment. Click on the
quick analysis icon the tool bar or select Quick Financial Report from the Analysis menu. The screen for
this report is shown in Figure 22 below. The top part of this report contains estimates for the total capi-
tal costs, annual benefits, and annual operating costs of the selected system. The bottom of the box con-
tains values for the NPV, simple payback, NPV payback, IRR, and a message regarding the potential
profitability of the selected system.
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B Quick Financial Results =

Capital Costs $161.197
Annual Benefit $37.822
Annual Operating Cost $7.893
HFY $849
Simple Payback [yrs] L}
HPY Payback b
IRR 15

Looks Good. You have a positive NPY
20 it looks like the zelected methane
recovery may be profitable.

i Update How I | Cloze I

Figure 22: Quick Financial Results
screen
The Quick Report shows us that the total capital cost of installing a covered lagoon digester Snow Falls
Dairy is $161,000. FarmWare estimates that average annual offset benefits are $37,000 and average an-
nual operating costs are about $8,000. These costs and benefits yield an NPV of approximately $850. In
addition, this project is estimated to have a payback of 5 years and an internal rate of return of 15%.

As indicated in the message at the bottom of this report, these measures of economic feasibility show that
the installation of a methane recovery system at Snow Falls Dairy should be a profitable investment. Mr.
Frosty should invest in this project for his farm.
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Farm Name: Snow Falls Dairy

AgSTAR

Contact Name: _Mr. Frosty
Evaluation Form: Dairy Facility Phone Number: Date:
1. SITE CLIMATE INFORMATION
State: California County: Tulare

2. FARM TYPE

Type of Farm Size of Farm Manure Collection Method Manure Management

X Freestall 500 milker X Flush Everything X Covered Lagoon
Drylot milker Flush Parlor and Freestall Barn Complete Mix
Tiestall milker Flush Parlor and Feed Apron Plug Flow
Other (specify) Flush Parlor Only
3. LIVESTOCK POPULATIONS
500 Cows-lac 100 Cows-dry 100 Heifers 150 Calves 10 Bulls other
4. ANIMAL DISTRIBUTION
Indicate the number of hours the animals spend in each area, per day:
Milking Barn Freestall [Feed Apron| Drylot Pasture Other
Parlor Barn
Cows-lactating 3 7 10 4
Cows-dry 7 10 7
Hiefer 7 10 7
Calf 7 10 7
Bull 10 14
4. MANURE MANAGEMENT
Recycle Flush Systems
Building # of Tanks Gallons Per Tank Flush Frequency Total Water
(# times/day) (gallons/day)
A B C AXBxXxC
Parlor 1 4,800 2 8,400
Free Stall Barn 1 15,700 2 31,400
Feed Apron 1 22,700 2 45,400
Scrape Systems
daily weekly monthly other
Solids Separators
settling basin X vibrating screen inclined screen

screw press hydrocyclone other (specify)

5. ENERGY INFORMATION
(Complete this section, or bypass it by attaching copies of past 12 months of energy bills)

Overall Energy Costs
Annual Electricity Costs: 75,952

0.066

$lyear 5,000 $lyear

$/kWh

Annual Propane Cost:

Average Electricity Cost: Average Propane Cost: $/gallon

Monthly Energy Bills (last 12 months)

Peak
kw

Electric
(kwWh)

Propane

(Cost) (Cost)

(gals)

January
February
March
April

May

June

July
August
September
October
November
December
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Farm Profile

Polka Dot Pig Farm is a 7 year old 1,400 sow (over 12,000 total head) farrow to finish pig farm in
Duplin county, North Carolina. There are 10 buildings at this facility all with slatted floors and an un-
derfloor recycle flush system. Manure is currently flushed into a single cell lagoon. This lagoon has
been a source of friction with the neighbors because of a seasonal odor problem. Mr. Dot heard about
AgSTAR and thought that making his own energy and working on the odors at the same time made a
lot of sense. Mr. Dot would like to know if a methane recovery facility makes sense for his farm.

5. Preliminary Screening for Project Opportunities

A quick review of the farm by the operator, Mr. Dot, using the checklists provided in Chapter 2 reveals
that:

There are over 12,000 hogs (on average) at his confined facility.

The manure is collected as a slurry, at a single point (single cell lagoon); it is collected daily and is free
of clumps of bedding.

There is a need for on-farm energy. Annual electricity costs amount to over $80,000. Furthermore,
odor is a problem.

There is adequate technical support.

The above conditions are promising for biogas technology. So, we move on to the next stage of the
analysis.

6. Technical and Economic Feasibility Assessment

This assessment consists of four steps:

(1) determining which digester is appropriate for your facility;
(2) gathering facility data for the FarmWare assessment

(3) performing the FarmWare assessment; and

(4) evaluating the results.

6.1 Match Digester to Your Facility

The type of digester to use depends on the climate and total solids content of the manure.

Climate. The farm is located in Duplin County in North Carolina. This region is below the line of
climate limitation (see Exhibit 4-1 in Chapter 4). So, it is warm enough for a covered lagoon consid-
ering energy recovery.

Total Solids Content. The manure at the facility is flushed. Mr. Dot estimates the water to ma-
nure ratio to be 5:1. For such manure, Exhibit 4-4 in Chapter 4, indicates that the total solids con-
tent of the manure should be less than 2%.
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For a facility with such climatic and manure conditions, Exhibit 4-4 in Chapter 4 indicates that the ap-
propriate digester is a covered lagoon.

6.2 Complete Evaluation Forms

These forms record the data required for the FarmWare analysis. The completed evaluation form for Mr.
Dot’s facility is attached.

6.3 Enter Information Into FarmWare

Once the evaluation forms are complete, the information is entered into FarmWare. For information on
how to use FarmWare, refer to the FarmWare manual, which can be found in Appendix D. Mr. Dot
completed the FarmWare assessment for his facility as follows.

6.3.1 Site Climate Information

The first step is to enter the location of Polka Dot Pig farm into FarmWare. Click on the climate icon on
the tool bar or select Location and Climate from the Design menu.

® From the drop down lists, select Duplin County, North Carolina.

The completed Site Location and Climate Screen is shown in Figure 1:

FarmW are: Site Location and Climate
Enter your farm’s state and county. The zpstem will Temp|[F] Rain[in] |
retrieve the average monthly temperature and rainfall. J
Or, read custom climate data from a climate data file R 43.0 3.0
you've created previously. February 46.0 3.0

Enter State: | North Carolina _:i| _____ M _Q_TE!'_I_i 53.0 4.0
April | 61.0 3.0
Enter County | __“ ____!'O‘Ely | 69.0 4.0
Use AgSTAR Datab I il =
= Fabase ﬂ _____ July | 79.0 6.0
Uze Your Custom Data 1 Augus_t__l 78.0 5.0
_September | 73.0 5.0
Rec. Min. Lagoon HRT 44.0| Days _"__(_)C'll]hf_!_f__l 62.0 2.0
Rec. Max. Lagoon Loading |  10.0] b VS/1000 cuft. Nevember | 24.0 3.0
25 Y1 24 hr St 6.0| Inches of rai December | 45.0 3.0
I r Storm Ul Inches of rain ___E’?’_!:..lfr_'}'j_a_!_j 615 16.0
Annual RBunoff [Unpaved] 27.0| Pecent of Precip.
Annual Bunoff [Paved] 60.0( Percent of Precip.
Annual Evaporation 40.0] Inches w L xﬁancel ? ol

Figure 23: Site Location and Climate Screen
FarmWare has retrieved the average temperature and rainfall data for Duplin County, NC as well as

other climate data including the 25-year, 24-hour storm event. The temperature and rainfall data is
based on National Climate Data Center (NCDC) data.
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6.3.2 Farm Type

The next step is to enter information about the farm type and manure collection and treatment methods.
It is recommended that Mr. Dot build a new primary lagoon for methane recovery and modify the cur-
rent lagoon for secondary storage. Click on the farm type icon on the tool bar or select Farm Type from
the Design menu.

¥ ¥ 33

»

Select Swine: Farrow to Finish from the “Select a Type of Farm” drop down list.

Enter 1,400 in the “Select a Farm Size” box.

Select Flush Everything from the “Select a Manure Collection Method” drop down list.

Select Methane Recovery Lagoon from the “Select a Manure Treatment/Storage Facility” drop down list.

Check the Covered Lagoon Digester box in the lower left hand corner of the screen.

These selections are used to create a manure template for the Polka Dot Pig Farm. The completed Farm
Type screen for Polka Dot Pig Farm is shown in Figure 2:

Farmware: Farm Design Control Panel
Select the type of farm, the farm Select a Type of Farm Select a Farm Size
size, and the way manure is |5wine: Farmrow to Finish Lﬂ 1.400| Sows
collected and treated.
Select a manure collection method Description
Flush Everything ;Il Hm_;! manure is collected daily with a flush |=
facility.
|
Select a manure treatment/storage system Deszcription
Methane Recovery Lagoon _:jl Methane Becnvew Lagoon has a constant |~
volume primary treatment lagoon and a
secondary storage structure to hold _l
-

Select if you have [or want to conzider] the Following:

 Solids Separator * Covered Lagoon Digester
> Settling Bazin O P Plow DHoevioy

 Complete Mix Digester wDK xCancel ? Help

Figure 24: Farm Type Screen

Click on OK to save and exit this screen.

6.3.3 Livestock Populations

The next step is to enter the number of animals at Polka Dot Pig Farm. Click on the livestock number
icon on the tool bar or select Livestock Number from the Design menu.

The Livestock Control Panel contains a table of default animal numbers and weights which are based on
the type and size of farm entered in the Farm Type screen (in this case 1,400 sow farrow-to-finish). You
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may edit these numbers by clicking in the appropriate cream colored boxes and entering the correct val-
ues.

For Polka Dot Pig Farm, enter the following animal numbers:

»  Sows: 1,400
®» Nursery: 2,700
®» Grower: 4,300
®» Finisher: 4,850
®» Boar: 77

The completed Livestock Number screen is shown in Figure 3.

[ Livestock Control Panel M=l
i Number i YWeight | Manure | Vs | Manure ‘
_ Units | Head Ibs Ibs{dayiAll Ibs{dayial Ibsfday
_______ Sow 1,400 400.0 60.0 5.4 33.600
___I!Er_s_t;_r}_f_J 2.700 30.0 106.0 8.6 8,b8b
_ Grower 4,300 0.0 63.4 5.4 19.083
__F_IHEET_| 4,850 180.0 63.4 5.4 55,348
Boar 77 450.0 20.5 1.7 710
None o} 0.0 0.0 0.0 0
_ None | 0 0.0 0.0 0.0 0
I Tutgl__J 13.327 138.7 1.4 6.0 117,327
AU=1000 lbs
[ | To change livestock: Dbl Clk row labels or
: press Shift+F3

i

Figure 25: Livestock Number Screen

Double click on the upper left hand corner of this screen to exit.

6.3.4 Manure Management

The next step is to define the individual components of the manure management system. Click on the
train icon on the tool bar or select Management Train from the Design menu.

The Management Train screen (Figure 5) shows the collection and treatment methods for the facilities
at the farm. In this example, this screen shows that the manure from each of the confinement facilities is
flushed and the manure from the drylot is scraped. All of the flushed manure goes into a methane recov-
ery lagoon (primary lagoon and secondary storage) and is ultimately applied on the fields as a liquid.
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¥ Manure Management Train Control Panel =]
Collection Component 1 | Component 2 | Component 3 | il
Confine-Sow Flush Frimary L agoon Secondamy Storage Fid Agpfe-d iy
Confine-Mursery Flezh S Aoy
__ Confine-Grower | Fhrsh AL s
Confine-Finisher | Flershy Frimage{ aoen
Drylot | Scrape Drpetack Fiid Apple-Dey
Process Water | ifre Prapess Waler Fhare L aqon
Watershed |  Lolect Raifalf e e
|
Methane Shack |  Fawiws gwavair
J fakor = Oaiaef D Mondtalic = User Design i
Al ol 4

Figure 26: Manure Management Train Screen

To ensure that the primary lagoon is sized correctly you must accurately describe the water use in the
flush manure collection systems. Each of the “Flush” components in this screen must therefore be de-
fined.

Place the cell cursor over the Flush component immediately to the right of the Confine-Sow Facility in
this screen. Double click on this cell or click on the Design component icon in the floating tool box.

®» Enter 10 in the “Number of Flush Tanks or Valves” box
® Enter 5 in the “Flush Frequency” box.
® Enter 948 in the “Water per Flush” box.

The finished screen is shown in Figure 27.

This information is very important in designing a methane recovery facility as it directly affects the size of
the primary lagoon. The more water that is being flushed, the greater the volume of the lagoon needed to
store and treat the manure influent.

®» Follow the above steps to design the flush components for the nursery, grower, and finisher confinements using the
information below:

Table 1: Confinement Data for Polka Dot Pig Farm

Confinement #of Tanks Gallons/Tank  Flush Frequency

Nursery 6 450 4 x day
Grower 4 850 6 x day
Finisher 8 850 6 x day
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FarmW are Control Panel: Fluzh
Quantity Yolume 15 ¥S5 N P K 15
Ibs. cu.ft. Ibs. Ibs. Ibs. Ibs. Ibs pct
Manure 34 310 5h3 3.426 3.083 0 1] 0 998
plus Flush Water 393.420 6,337 1] 1] 0 1] 0 0.00
minus -—- 1] 0 1] 0 1] 0 0.00
equals Effluent 427,730 6,890 3.426 3.083 0 1] 0 0.80

Mumber of Fluzh
Tanks or Valves

Flush Frequency Ijl timez/day
Water per Fluzh gallonz/fluzh

Figure 27: Flush Screen for the Polka Dot Pig Sow Confinement Building

When you are finished designing the flush components, double click in the upper left hand corner of the
Management Train screen to save and exit.

6.3.5 Energy Information

The final step in this case study is to enter the energy use and rates at Polka Dot Pig Farm. Click on the
energy icon on the tool bar or select Energy Prices from the Design menu.

In this screen, you may enter the amount of electricity and propane purchased as well as the current price
per kWh of electricity and the current the price per gallon of propane. Default values for each of the
above categories are provided and should be edited to most accurately reflect the current energy costs to
Polka Dot Pig Farm.

Enter 1,200,000 for the amount of electricity purchased per year.
Enter $0.07 for the price per kWh of electricity.

»
»
® Enter 10,000 for the amount of propane purchased per year.
»

Enter $0.90 for the price per gallon of propane.

The completed Energy Prices screen for Polka Dot Pig Farm is shown in Figure 14.
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Click on OK to save and exit.

Note: More detailed energy usage and rate schedules may be entered using RateVision.

manual for more details.

6.4 Evaluate Results

FarmWare: Energy Usage and Payments I
CURBENT ELECTRICITY USAGE AND PAYMENTS
How much electricity do you use per year [kWh] ? 1.200.000f o Select a Load Schedule l
What price do you pay per k'Wh of electrnicity [$]? $0.070( o Select a Hate Schedule I
Your annual electricity bill should then equal: m‘ View Electricity Payments I
anrusal olechicity priees to change over the Hetme of the projeet? | 52me o5 Beneral Inflation Rate =
CURBEMT PROPANE USAGE AND PAYMENTS
How much propane [or equivalent] do you use per year [gallons] ?
‘What price do you pay per gallon of propane [$]? m
Your annual propane hill zhould then equal: m‘ ¥iew Propane Payments |
Relative to the general annual inflation rate, how do you expect -
annual propane prices to change over the lifetime of the project? |LI|
What iz the maximum fraction of your propane expenszes tha_t can be
offset by waste heat from your energy recovery system [0 - 1003)?

Figure 28: Energy Usage and Payments Screen

Please see the RateVision

To determine whether a biogas recovery system at this farm will be a profitable investment click on the
quick analysis icon the tool bar or select Quick Financial Report from the Analysis menu. The screen for
this report is shown in Figure 15 below. The top part of this report contains estimates for the total capi-
tal costs, annual benefits, and annual operating costs of the selected system. The bottom of the box con-
tains values for the NPV, simple payback, NPV payback, IRR, and a message regarding the potential
profitability of the selected system.

FIRST EDITION
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B Quick Financial Results HE B

Capital Costs $225.075
Annual Benefit $71.615
Annual Dperating Cost $14.119
HPY $52.392
Simple Payback [yrs] 4
HPY Payback 4
IRR 30

Congratulations. You have a very
positive NPY_ It looks like the selected
methane recovery will be profitable.

{ Update How i | Close I

Figure 29: Quick Financial Results
screen
The Quick Report shows us that the total capital cost of installing a covered lagoon digester at Polka
Dot Pig Farm is $225,000. FarmWare estimates that average annual offset benefits are $71,000 and av-
erage annual operating costs are $14,000. These costs and benefits yield an NPV of approximately
$52,000. In addition, this project is estimated to have a payback of 4 years and an internal rate of return
of 30%.

As indicated in the message at the bottom of this report, these measures of economic feasibility show that
the installation of a methane recovery system at Polka Dot Pig Farm should be a profitable investment.
Mr. Dot should invest in this project for his farm.
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AgSTAR Farm Name: _ Polka Dot Pig Farm

Contact Name: Mr. Dot

Evaluation Form: Swine Facility Phone Number: __ Date:
1. SITE CLIMATE INFORMATION 2
State: North Carolina County: Duplin
2. FARM TYPE
Type of Farm Size of Farm Manure Collection Method Manure Treatment
X Farrow - Finish 1.400 SOW X Flush Everything X Covered Lagoon
Farrow - Nursery SowW Scrape Everything Complete Mix
Farrow - Grower SowW Pull Plug Pits or Cascade Dams
Finishing only finishers
Nursery Pigs

3. LIVESTOCK POPULATIONS
1,400 SOws 2,700 nursery 4,300 growers 4,850 finishers 77 boars other

4. MANURE MANAGEMENT
Recycle Flush Systems

Building Tanks Per Buildingj Gallons Per Tank Flush Frequency (# times/day, week, etc.)
1 10 948 5 times/day
2 6 450 4 times/day
3 4 850 6 times/day
4 8 850 6 times/day
5
Pull Plugs and Recharge
Building Gallons Per Pit Plug Pull Frequency (every ? days)
1
2
3
4
5
Other Systems Gals H20 Cleanings Per Day
Per Cleaning
Scrape
Open Lot
Hose Wash

Other (specify)

5. ENERGY INFORMATION
(Complete this section, or bypass it by attaching copies of past 12 months of energy bills)

Overall Energy Costs
Annual Electricity Costs: 84,000 $lyear Annual Propane Cost: 9,000 $lyear

Average Electricity Cost: 0.07 $/kWh Average Propane Cost: 0.90 $/gallon

Monthly Energy Bills (last 12 months)
Peak Electric Propane
kw (kwh) (Cost) (gals) (Cost)

January
February
March
April

May

June

July
August
September
October
November
December
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Farm Profile

Hoggett’s Hogs is an 1,500 sow farrow to grower pig farm in Renville county, Minnesota. The manure
at Hoggett’s Hogs is currently collected in underfloor pits which are pulled once every 5 days. The ma-
nure is stored in a single lagoon. The owner of the farm, Mr. Hoggett, has been under pressure by his
neighbors to reduce the unpleasant odors associated with his facility, particularly in the Spring. Mr.
Hoggett wants to investigate the potential for odor reduction and environmental protection with a
methane recovery system. He is also interested in the financial benefits which may result from the off-
set enerav costs.

7. Preliminary Screening for Project Opportunities

A quick review of the farm by the operator, Mr. Hoggett, using the checklists provided in Chapter 2 re-
veals that:
There are over 2,000 hogs (on average) at his confined facility.

The manure is collected: as a slurry, at a single point (single cell lagoon); it is collected daily and is
free of clumps of bedding.

There is a need for on-farm energy. Annual electricity costs amount to over $43,000 and annual
propane costs average approximately $18,000. Furthermore, odor is a problem.

There is adequate technical support.

The above conditions are promising for biogas technology. So, we move on to the next stage of the
analysis.

8. Technical and Economic Feasibility Assessment

This assessment consists of four steps:

(1) determining which digester is appropriate for your facility;
(2) gathering facility data for the Farm\Ware assessment

(3) performing the FarmWare assessment; and

(4) evaluating the results.

Each step is discussed in turn.

8.1 Match Digester to Your Facility

The type of digester to use depends on the climate and total solids content of the manure.

Climate. The farm is located in Renville County in Minnesota. This region is above the line of cli-
mate limitation (see Exhibit 4-1 in Chapter 4). The average annual temperature is not warm enough
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for biogas production without supplemental heat. A covered lagoon would therefore not be a viable
solution. As such, the selected digester for biogas production and recovery should be a complete mix
digester with heat recovery.

Total Solids Content. The manure at the facility is collected in underfloor pits. The pits are filled
to approximately 12 inches high with recycled water from the storage lagoon. The manure falls into
the pits through the slatted floors and is added to this recycled water. Mr. Hoggett pulls the plugs
once every 5 days. Mr. Hoggett estimates the water to manure ratio to be 5:1. For such manure, Ex-
hibit 4-4 in Chapter 4, indicates that the total solids content of the manure should be less than 2%.
This may be too dilute for optimizing biogas production from a complete mix digester. We will ana-
lyze the results with Mr. Hoggett’s current management practices and investigate possibilities to in-
crease the total solids later in this case study.

8.2 Complete Evaluation Forms

These forms record the data required for the FarmWare analysis. The completed evaluation form for Mr.
Hoggett’s facility is attached.

8.3 Enter Information Into FarmWare

Once the evaluation forms are complete, the information is entered into FarmWare. For information on
how to use FarmWare, refer to the FarmWare manual, which can be found in Appendix D. Mr. Hoggett
completed the FarmWare assessment for his facility as follows.

8.3.1 Site Climate Information

The first step is to enter the location of Hoggett’s Hogs into FarmWare. Click on the climate icon on the
tool bar or select Location and Climate from the Design menu.

® From the drop down lists, select Renville County, Minnesota.

The completed Site Location and Climate Screen is shown in Figure 1:
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FarmWare: Site Location and Climate

you've created previously.

Enter pour Farm'z state and county. The spstem will
retrieve the average monthly temperature and rainfall.
Or, read custom climate data from a climate data file

Enter State: | Minneszota

Usze AgSTAR Databasze ﬂ
Use Your Custom Data

Rec. Min. Lagoon HRT

55.0

Rec. Max. Lagoon Loading

63

25 Y1 24 hr Storm

4.0

Annual Bunoff [Unpaved]

15.0

Annual Bunoff [Paved]

45.0

Annual Evaporation

30.0

Entor County:  [[CHUTANNNGNON -

Temp(F] | Rain(in) |

__January 9.5 0.8

_ February 15.9 0.7

-] March | 27.9 1.5
April | 44.7 2.3

 May | 57.8 3.3

~ June | 67.0 4.4

_____ July | 71.8 3.7

18 Augus_t__| 69.2 4.0

_September | 59.5 2.8

Days _ October | 48.4 2.0
IbvS/1000 cufr,  Nevember | S L
. _December | 16.3 0.9
i AvgfTotal | 43.3 27.7

Pecent of Precip.

Percent of Precip.

Inches w B

XCancel

? Help

Figure 30: Site Location and Climate Screen

FarmWare has retrieved the average temperature and rainfall data for Duplin County, NC as well as

other climate data including the 25-year, 24-hour storm event.

based on National Climate Data Center (NCDC) data.

8.3.2 Farm Type

The temperature and rainfall data is

The next step is to enter information about the farm type and manure collection and treatment methods.
Click on the farm type icon on the tool bar or select Farm Type from the Design menu.

¥ ¥ 333

These selections are used to create a manure template for Hoggett’s Hogs.

Enter 1,500 in the “Select a Farm Size” box.

screen for Hoggett’s Hogs is shown in Figure 2:

FIRST EDITION

Select Swine: Farrow to Grower from the “Select a Type of Farm” drop down list.

Check the Complete Mix Digester box in the lower left hand corner of the screen.

Select Pull Plug or Cascade Dam from the “Select a Manure Collection Method” drop down list.

Select Storage Pond from the “Select a Manure Treatment/Storage Facility” drop down list.

The completed Farm Type
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Farmware: Farm Design Control Panel
Select the type of farm, the farm Select a Type of Farm Select a Farm Size
size, and the way manure is Swine: F oG - 1.500| Sows
collected and treated. | oo Sadbita ol mwm_ll
Select a manure collection method Deszcription
Pull Plug or Cascade Dam Lll Most manure is collected in underfloor "pull |~
plug’ pits or cascade dams. Manure is

removed at least every 60 to 180 days.

Select a manure treatment/storage system Deszcription
Storage Pond ;Jl Storage Pond designed to store liquid -
manure, wastewater, and/or storm runoff.

Select if you have [or want to conzider] the following:

= Solids Separator  © £ovenssd Lagoun Bmeskes
> Settling Basin O P Flow DHoeeier

“# Complete Mix Digester wDK xCancel ? Help

Figure 31: Farm Type Screen

Click on OK to save and exit this screen.

8.3.3 Livestock Populations

The next step is to enter the number of animals at Hoggett’s Hogs. Click on the livestock number icon on
the tool bar or select Livestock Number from the Design menu.

The Livestock Control Panel contains a table of default animal numbers and weights which are based on
the type and size of farm entered in the Farm Type screen (in this case 1,500 sow farrow-to-grower). You
may edit these numbers by clicking in the appropriate cream colored boxes and entering the correct val-
ues.

For Hoggett’s Hogs, enter the following animal numbers:

»  Sows: 1,500
®» Nursery: 3,450
»  Grower: 4,600

The completed Livestock Number screen is shown in Figure 3.
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| Number | YWeight | Manure | V5 Manuﬂ
Units Head Ibs IbsfdayfAl |bsidayfAU lbsid
Sow 1,500] 400.0 60.0 5.4
Nursery 3.450 30.0 106.0 8.8
Grower 4,600 70.0 63.4 5.4
None 0 0.0 0.0 0.0
None 0 0.0 0.0 0.0
None 0 0.0 0.0 0.0
None 0 0.0 0.0 0.0
Total 9,550 107.3 8.2 6.6
AU=1000 b
Ta chanage livestack: Dbl Clk rowy labels o
prezz Shift+F3
A M 2

Figure 32: Livestock Number Screen

Double click on the upper left hand corner of this screen to exit.

8.3.4 Manure Management

The next step is to define the individual components of the manure management system. Click on the
train icon on the tool bar or select Management Train from the Design menu.

The Management Train screen (Figure 5) shows the collection and treatment methods for the facilities
at the farm. In this example, this screen shows that the manure from each of the confinement facilities is
collected in pull plug pits. The manure is flushed into a mix tank and then into a complete mix digester.
After digestion the manure is stored in a storage pond.

# M anure Management Train Control Panel [_TO]x]

e

featin = Safaat Desipr MNondtalic = Uszer Design

Collection Component1 | Component?2 | Component 3 ﬂ
Confine-Sow Felf Flenr FRE Ay Fark Lompl Miw Digarster Sfarage Ford
Confine-Nursery Fulf Filewr Fit A Tk
Confine-Grower Feolf Fleny Frf e Tt
None
MNone
Process Water Hre Process Walar A Fargt:
Watershed Lollact Bamfall Shvame S
Methane Shack ETNE (RN

-

B

Figure 33: Manure Management Train Screen

To ensure that the complete mix digester is sized correctly you must accurately describe the water use in
the pull plug pits. Each of the “Pull Plug Pit” components in this screen must therefore be defined.

FIRST EDITION
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Pull Plug Pits

Place the cell cursor over the Pull Plug Pit component immediately to the right of the Confine-Sow Facil-
ity in this screen. Double click on this cell or click on the Design component icon in the floating tool box.

® Enter 5 in the “Storage Period” box.
® Enter 85,000 in the “Recharge Water” box.

The finished screen is shown in Figure 34.

FarmW are Control Panel: Pit Storage
Quantity Yolume 15 V5 N P K 15
Ibs. cu. ft. Ibs. Ihs. Ibs. Ibs. Ibs pct
Manure 36.000 580 3.600 3.240 0 0 0 10.00
pluz  Recharge Water 141,100 2.273 0 1] 1] 1] 0 0.00
minus 0 1] 1] 1] 1] 1] 0 0.00
equals Effluent 177.100 2.853 3.600 3.240 0 0 0 203
Enter the storage period [i.e.. ime between emplying s
the pitz] and the amount of recharge water* added. wDK

Storage Period Ijl Days xﬁancel
Recharge water ** 85.000] gallons

** Hecharge water iz assumed to be added at the
beginning of the storage period, just after the

pits have been emphtied.
r?ﬁ Feset

Figure 34: Pull Plug Pit Screen for the Confinement-Sow Facility

This information is very important in designing a methane recovery facility as it directly affects the size of
the complete mix digester. The more recharge water that is being added, the greater the volume of the
complete mix digester needed to store and treat the manure influent.

® Follow the above steps to design the pull plug pit components for the nursery and grower confinements using the
information below:

Table 2: Confinement Data for Hoggett’s Hog Farm

Confinement Storage Period Recharge Water
Nursery 5 25,000
Grower 5 48,000

Process Water

Consideration should be given to the amount of process water entering the manure management system.
FarmWare accounts for this process water in it’s own design box labeled in the Manure Management
Screen as Process Water. Hoggett’s Hogs accounts for the process water in the pull plug pit design
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screens. The excess process water included by default therefore should be zeroed out such that it is not
included twice in the design of the system. To edit the amount of process water, double click on the
Process Water cell or click on the Design component icon in the floating tool box.

®» Enter O in the “Process Water” box and click on OK to save and continue.

The importance of process water as well as sources of process water to be considered is detailed in Chap-
ter 3, Section 3-1.2.

Complete Mix Digester

The soil conditions at Mr. Hoggett’s farm will allow for a deeper digester than the 10 foot depth used as
the default. The Complete Mix Digester Control Panel must therefore be edited to reflect this change.
Place the cell cursor over the Complete Mix Digester component in the Confine-Sow Facility row in Ma-
nure Management Train screen. Double click on this cell or click on the Design component icon in the
floating tool box.

®» Enter 0.5 in the “Freeboard” box.
® Enter 12 in the “Depth” box.

The finished screen is shown in Figure 35.

Farmware Control Panel: Complete Mix Digester

Quantity Yolume T5 V5 M P K T5
Ibs. cu ft Ibs. Ihs. Ibs. Ibs. Ibs pct
Influent 329666 h.310 6.733 h.890 1] 1] o 204
plus -—- 1] 1] ] 1] 1] ] 0 0.00
minus Digested 108.049 1.740 2.209 4417 1] 1] o 204
equals EFfluent 221616 3.570 4 530 1.472 1] 0 o 204
Digester Characteristics Biogasz Production Factors &DK
Select HRT [days) -m """"
Sludge Depth [ft] - [ft3/1IbVS)
— o X
Fieeboard (i) [ 05] Mt
Pct.
Gronth () B
; Biogas 35,338 5l
Diameter 1135 (37day) L
Volume (ft3) 121.371 § o Feset

Figure 35: Complete Mix Digester Screen

Note the total solids content of the manure entering the digester. This value is listed in the far right col-
umn under “TS pct”. The total solids at Hoggett’s Hogs is 2.04%, a value typically low for complete mix
type systems. We will continue with our analysis using these values and Mr. Hoggett’s current manure
management practices and will later explore potential methods of increasing the total solids.
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Engine Generator

The cool climatic conditions in Renville County, Minnesota require that the digester be heated with sup-
plemental heat generated from the biogas produced within the digester. A heat exchanger will provide
enough heat to keep the manure at the optimal biogas production temperature. To ensure that the costs
associated with a heat exchanger are included in the financial analysis of Hoggett’s Hogs we must edit the
Engine Generator Control Panel. Place the cell cursor over the Engine Generator component in the
Methane Shack row in Manure Management Train screen. Double click on this cell or click on the Design
component icon in the floating tool box.

®  Select “Yes” from the “Include Heat Recovery?” drop down list.
The completed Engine Generator Control Panel should look like Figure 36 below:

Farmware Control Panel: Methane Utilization Design

Average Minimum M aximum
Methane Available [cu. It. per day) 21.203 21.203 21.203

What fraction of the time will the

utilization component be running? Percent [ 50 - 90 ]

The recommended engine-generator size is 63 kW capacity
Enter the engine-generator zize you want 63| kW capacity

Component Efficiency 14.000| BTUs per k'wh

Include Heat Recovery System? |Yes

D&M Costs per kw'h of Use

Relative to the general annual inflation rate,
how do you expect annual operating costs to
change over the lifetime of the project?

|Same as General Inflation R ate _:i|

v o || Meancel| | D he | [F % Reen

Figure 36: Engine Generator Screen
Note the methane available at the top of the screen and the recommended engine-generator size in the

center of the screen. Hoggett’s Hogs can produce approximately 21,000 cubic feet of biogas per day,
enough gas to generate up to 63 kW of capacity.

When you are finished designing the all of the manure management train components, double click in the
upper left hand corner of the Management Train screen to save and exit.
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8.3.5 Energy Information

The next step in this case study is to enter the energy use and rates at Hoggett’s Hogs. Click on the en-

ergy icon on the tool bar or select Energy Prices from the Design menu.

In this screen, you may enter the current price per kWh of electricity, the price per gallon of propane, the
approximate amount spent per year on electricity and propane, and the annual growth rate for expenses
based on the location and size of the farm. Default values for each of the above categories are provided
and should be edited to most accurately reflect the current energy costs to Hoggett’s Hogs.

»
»
»
»

Enter 584,000 for the amount of electricity purchased per year.
Enter $0.075 for the price per kWh of electricity.
Enter 25,000 for the amount of propane purchased per year.

Enter $0.75 for the price per gallon of propane.

The total amount of cost of electricity per year should equal $43,800 and the total cost of propane per year
should be $18,750. The completed Energy Prices screen for Hoggett’s Hogs is shown in Figure 14.

Farmw are: Energy Usage and Payments
CURREMNT ELECTRICITY USAGE AND PAYMENTS
How much electricity do pou use per year [kWh] ? 5840001 o, | Select a Load Schedule I
What price do you pay per kwh of electricity [$]? $0.075| 4 Select a Hate Schedule |
Your annual electricity bill should then equal: $43.800 View Electiicity Payments I
Relative to the general annual inflation rate, how do you expect F =
annual electricity prices to change over the lifetime of the project? |Same as General Inflation R ate J|
CURREMT PROFPANE USAGE AND PAYMENTS
How much propane [or equivalent] do you uze per year [gallons] ? 25.000
What price do you pay per gallon of propane [$]? $0.750
Your annual propane bill should then equal: $18.750 View Propane Payments i
Relative to the general annual inflation rate, how do pou expect -
annual propane prices to change over the lifetime of the project? |53“‘9 as General Inflation Rate :_“
What iz the maximum fraction of your propane expenszes that can be
offset by waste heat from your energy recovery system [0 - 100%])?
f Ok xﬁancel r \'_% Reset

Figure 37: Energy Usage and Payments Screen

Click on OK to save and exit.

Note:

More detailed energy usage and rate schedules may be entered using RateVision.

manual for more details.

FIRST EDITION
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8.4 Evaluate Results

To determine whether a biogas recovery system at this farm will be a profitable investment. Click on the
quick analysis icon the tool bar or select Quick Financial Report from the Analysis menu. The screen for
this report is shown in Figure 15 below. The top part of this report contains estimates for the total capi-
tal costs, annual benefits, and annual operating costs of the selected system. The bottom of the box con-
tains values for the NPV, simple payback, NPV payback, IRR, and a message regarding the potential
profitability of the selected system.

B Quick Financial Results | _ [ C] x|

Capital Costs $319.47/9
Annual Benefit $48.442
Annual Operating Cost $7.460
NPV -$55.100
Simple Payback [yrs] 8
MPY¥ Pavback 10.000
IRR <0

Somny. you have a very negative NPY zo
it looks like the zelected methane
recovery facility may not be profitable.

¢ Update Now | | Close l

Figure 38: Quick Financial Results
screen
The Quick Report shows us that the total capital cost of installing a complete mix digester at Hoggett’s
Hogs is $319,000. FarmWare estimates that average annual offset benefits are $48,000 and average an-
nual operating costs are $7,500. These costs and benefits yield an NPV of approximately -$55,000. In
addition, this project is estimated to have a payback of 8 years and an internal rate of return of <0%.

As indicated in the message at the bottom of this report, these measures of economic feasibility show that
the installation of a methane recovery system at Hoggett’s Hogs may not be a profitable investment. Mr.
Hoggett should investigate whether changes in his manure management practices may yield more positive
results.

8.5 Change Manure Management Practices

Hoggett’s Hogs, like many other farms across the country, uses excess water in the manure management
system. The amount of water used at Hoggett’s Hogs is very important for sizing the complete mix di-
gester as well as for optimizing biogas production from the system. Excess water and increased waste vol-
ume can limit the capacity of manure handling and storage facilities. If Mr. Hoggett can decrease his wa-
ter usage at Hoggett’s Hogs, the complete mix digester will be smaller in size and the total solids content
of the manure entering the system will be greater. A smaller digester will have less area to cover which
will decrease the capital cost of installing the system. In addition, the increased solids will bring the in-
fluent manure consistency closer to the target percentage for complete mix digesters of 3-8%. The com-
bination of these two factors may make the project more economically feasible for Mr. Hoggett.
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Appendix E-4 Case Studies
Swine Farrow-to-Grower Farm

Currently Mr. Hoggett pulls his plug pits once every 5 days. The pits are filled with 12 inches of recycled
water. The total water usage in each of the facilities is as follows:

Table 3: Current Water Management at Hoggett's Hogs

Confinement Storage Period Recharge Water
Sow 5 85,000
Nursery 5 25,000
Grower 5 48,000

If Mr. Hoggett can increase the pit storage period and decrease the amount of water used to fill the pits
the methane recovery system may be profitable at Hoggett’s Hogs. We will investigate the possibility of
increasing the storage period to 10 days and decreasing the amount of water used to fill the pits by one
half. A summary of the new water usage is detailed below:

Table 4: Suggested Water Management at Hoggett's Hogs

Confinement Storage Period Recharge Water
Sow 10 42,500
Nursery 10 12,500
Grower 10 24,000

To see what effect this reduced water may have on the system, re-enter each of the three “Pull Plug Pit”
screens in the Manure Management Train and enter the above information.

8.6 Reevaluate

After making the above changes to the water usage at Hoggett Hogs we may reevaluate the results. Click
on the quick analysis icon the tool bar or select Quick Financial Results from the Analysis menu. The
screen for this report is shown in Figure 39 below.
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Appendix E-4 Case Studies
Swine Farrow-to-Grower Farm

B Quick Financial Results [ _ [5] x|

Capital Costs $218.449
Annual Benefit $48.442
Annual Dperating Cost $7.460
NPV $4.710
Simple Payback [vrz] h
MPY Payback b
IRR 19

Looks Good. You have a positive NPY
g0 it looks like the selected methane
recovery may be profitable.

¢ Update Now i | Close I

Figure 39: Quick Financial Results
Screen

The changes in water management are apparent when viewing this Quick Report. This report shows us
that the total capital cost of installing a covered lagoon digester at Hoggett’'s Hogs is now about
$218,000 (as compared with $319,000). The average annual offset benefits are still $48,000 and aver-
age annual operating costs are $7,500. These costs and benefits however now yield an positive NPV of
approximately $4,700. In addition, this project is estimated to have a payback of 5 years and an internal
rate of return of 19%.

As indicated in the message at the bottom of this report, if Mr. Hoggett can change the manure and water
management practices as described he may profitably recover methane from his manure management sys-
tem.
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Ag STAR Farm Name: Hoggett’s Hogs

Contact Name: Mr. Art Hogget

Evaluation Form: Swine Facility Phone Number: Date:
1. SITE CLIMATE INFORMATION
State: Minnesota County: Renville
2. FARM TYPE
Type of Farm Size of Farm Manure Collection Method Manure Treatment
Farrow - Finish Sow Flush Everything Covered Lagoon
Farrow - Nursery sow Scrape Everything x___Complete Mix
X____Farrow - Grower 1.500 _sow X____Pull Plug Pits or Cascade Dams
Finishing only finishers
Nursery Pigs

3. LIVESTOCK POPULATIONS
1,500 sows 3,450 nursery 4,600 growers finishers boars other

4. MANURE MANAGEMENT
Recycle Flush Systems

Building Tanks Per Buildingj Gallons Per Tank Flush Frequency (# times/day, week, etc.)
1
2
3
4
5
Pull Plugs and Recharge
Building Gallons Per Pit Plug Pull Frequency (every ? days)
1 85,000 5 days
2 25,000 5 days
3 48,000 5 days
4
5
Other Systems Gals H20 Cleanings Per Day
Per Cleaning
Scrape
Open Lot
Hose Wash

Other (specify)

5. ENERGY INFORMATION
(Complete this section, or bypass it by attaching copies of past 12 months of energy bills)

Overall Energy Costs
Annual Electricity Costs: 43,800 $lyear Annual Propane Cost: 18,750 $lyear

Average Electricity Cost: 0.075 $/kWh Average Propane Cost: 0.75 $/gallon

Monthly Energy Bills (last 12 months)
Peak Electric Propane
kw (kwh) (Cost) (gals) (Cost)

January
February
March
April

May

June

July
August
September
October
November
December
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